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Introduction
Recognition tasks performed by humans and animals
require the learning and storage of representations by
neuronal networks of external sensory stimuli. Recent
studies have established the importance of timing within
spike trains for synaptic plasticity, which is hypothesised
to lead to learning at the behavioral level [1,2]. This spike-
timing-dependent plasticity (STDP) was shown to both
stabilize the weights of the synapses on a neuron and
induce competition between them in order to generate
network structure [3]. For example, STDP can capture
temporal correlation or interaural time differences at the
scale of milliseconds within spike trains [1,3].
Methods
Spike patterns are a specific representation of neuronal
information, where the spike times of given input neu-
rons satisfy a given ordering. Previous work based on
numerical simulation showed that the presentation of
such patterns to a neuron with plastic input connections
subject to STDP can result in the potentiation of synapses
involved in the pattern [4]. In the present study we
address this problem from an analytical point of view
using a framework developed previously based on the
Poisson neuron model [3,5]. We focus on the situation
where a neuron learns a single spike pattern whose
repeated presentation over time does not affect the global
structure of the input firing-rates, which means that rate-
based learning rules cannot detect the stimulus pattern.
Results
We first show that the pattern presentation amongst noisy
input spike trains affects their probabilistic properties,
namely the spike-time correlation at a small time scale.
Then, under the assumption of slow learning, we show
that the change in the input weights induced by STDP can
be evaluated using a dynamical system, which is analyzed
in terms of fixed points and their stability to predict the
asymptotic distribution of the input weights. We found
that STDP modifies the response of the neuron to fire at
the beginning of the stimulus pattern. This general rule
confirms previous results obtained numerically [4],
although exceptions may occur for certain patterns with
specific distributions of spikes.
Discussion
Our results support the idea that STDP is an adequate
learning rule to enable neurons to detect spike patterns,
such as those observed in auditory or olfactory sensory
areas. This is a promising first step in providing an under-
standing of pattern learning in neuronal networks with
richer input structure and arbitrary connectivity topology.
We aim in future studies to use these methods to gain
from Eighteenth Annual Computational Neuroscience Meeting: CNS*2009
Berlin, Germany. 18–23 July 2009
Published: 13 July 2009
BMC Neuroscience 2009, 10(Suppl 1):P199 doi:10.1186/1471-2202-10-S1-P199
<supplement> <title> <p>Eighteenth Annual Computational Neuroscience Meeting: CNS*2009</p> </title> <editor>Don H Johnson</editor> <note>Meeting abstracts – A single PDF containing all abstracts in this Supplement is available <a href="http://www.biomedcentral.com/content/files/pdf/1471-2202-10-S1-full.pdf">here</a>.</note> <url>http://www.biomedcentral.com/content/pdf/1471-2202-10-S1-info.pdf</url> </supplement>
This abstract is available from: http://www.biomedcentral.com/1471-2202/10/S1/P199
© 2009 Gilson et al; licensee BioMed Central Ltd. Page 1 of 2
(page number not for citation purposes)
BMC Neuroscience 2009, 10(Suppl 1):P199 http://www.biomedcentral.com/1471-2202/10/S1/P199Publish with BioMed Central   and  every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
insight into the encoding of neuronal information in sen-
sory pathways.
Acknowledgements
This work was funded by NICTA, The Bionic Ear Institute, the Australian 
Research Council (#DP0771815) and the Fondation Fyssen.
References
1. Gerstner W, Kempter R, van Hemmen JL, Wagner H: A neuronal
learning rule for sub-millisecond temporal coding.  Nature
1996, 383:76-78.
2. Caporale N, Dan Y: Spike timing-dependent plasticity: a heb-
bian learning rule.  Annu Rev Neurosci 2008, 31:25-46.
3. Kempter R, Gerstner W, van Hemmen JL: Hebbian learning and
spiking neurons.  Phys Rev E 1999, 59:4498-4514.
4. T Guyonneau R, Thorpe SJ: Spike timing dependent plasticity
finds the start of repeating patterns in continuous spike
trains.  PLoS ONE 2008, 3:e1377.
5. Burkitt AN, Gilson M, van Hemmen JL: Spike-timing-dependent
plasticity for neurons with recurrent connections.  Biol Cybern
2007, 96:533-546.Page 2 of 2
(page number not for citation purposes)
